Background: Multiparameter flow cytometry is the most important method for the lineage assignment and maturational analysis of acute leukemias (AL) cells. The multi parametric immunophenotyping analysis allows the detection of aberrant antigen expression and the analysis of heterogeneity and clonality of malignant cells in AL. The aim of the work is to study the immunophenotypes of blasts from patients with AL and determine the frequency of aberrant markers. Subjects and Methods: Retrospective study to analyze immunophenotypic data of de novo 144 AL patients who were diagnosed in Clinical Pathology Department, Sohag University. Results: We found that 61.8% of AL patients were classified as acute myeloblastic leukemia (AML) while 38.9% classified as acute lymphoblastic leukemia (ALL). The commonest FAB subtype in AML group was AML-M2 (31.8%) followed by M4-M5 27.3%. As regard ALL, there were 85.7% with B-ALL and 14.3% with T-ALL. The aberrancy expressions were found in 66 of AL cases (45.8%), CD7 was the most commonly expressed lymphoid antigen in AML (25%), CD13 was the most commonly expressed myeloid antigen in ALL (39.3%). Conclusion: The multi parametric immunophenotyping analysis of AL is sufficient for diagnosis and classification of leukemia. The frequencies of aberrant markers in AL were matched with many published data.
tic patterns of surface antigen expression known as cluster of differentiation antigens (CD), which can be detected by flow cytometry method. Immunophenotyping improves both accuracy and reproducibility of acute leukemia classification [1] .
The majority of acute leukemia cases expresses specific lineage markers; however, aberrant immunophenotypes can be detected in a variable number of cases, and it is of clinical importance not only for the accurate diagnosis, but also it has been shown to be useful for providing prognostic information and in detection of minimal residual disease [2] [3] . Its ability to measure multiple parameters on individual cells in a suspension at high speed is ideal for the study of leukemic cells [4] .
Aberrant phenotypes in acute leukemia are defined as patterns of antigen expression on neoplastic cells different from the process of normal hematopoietic maturation due to their abnormal genetic program [5] . Many studies consider that the aberrant antigen expression is of a prognostic value and has an adverse effect on clinical response, remission rate and overall survival in patients with acute leukemia [6] [7] .
We aimed to study the immunophenotypes of blasts from patients with AL and determine the frequency of aberrant markers.
Subjects and Methods

Subjects and Study Design
A retrospective study, we evaluated de novo 144 acute leukemia patients at Sohag university hospital from June 2015 to June 2017. Their age ranged from 2 -90 years (median 40 years). There were 108 males (75%) and 36 females (25%).
All participants were subjected to full history and clinical examination. The analyzed samples were peripheral blood (PB) and bone marrow aspirate (BM).
Acute myeloid leukemia cases included in this study were classified according to French-American-British Cooperative Group (FAB) criteria while ALL cases were classified immunologically according to the available immune markers. Exclusion criteria: relapsed, recurrent cases or patients under treatments. It was approved by the faculty committee for research ethics. Informed consent was obtained from the patients or subjects' parents.
Methods
A total of 5 mL of venous blood sample was collected from each patient and dispensed into a K2-EDTA tube for CBC on cell Dyne-2700 fully automated cell counter. Bone marrow aspirations were also performed for all patients. For morphologic examination, all BM/PB smears were air dried and subsequently stained with Leishman's stain to be examined microscopically.
Flow Cytometric Analysis
The analyzed samples were either of PB or BM according to availability and 
Statistical Analysis
Statistical analyses were performed using SPSS version 19. Data were summarized as median, range, percentage or frequency.
Results
A Clinical and laboratory characteristic of acute leukemia patients group was demonstrated in Table 1 antigens was seen in 100% of M3 cases. As regard the expression pattern of primary panels' markers Table 3 showing 86.4% positivity in all AML categories. Surface CD14 and CD15 positivity were more commonly associated with the monocytic leukemias (66.7% and 50%, respectively). Combinations of CD14 + expression and CD15 + detect 100% of M4-M5 cases. As regard ALL B-type CD22 and CD19 were the most commonly presented antigen (100% and 95.8%, respectively). Expression of CD2 and CD7 was seen in 100% of T-ALL cases while expression of CD3 and CD5 was seen in 50%, 75% respectively. Expression pattern of secondary panels' markers were demonstrated in Table 4 . Surface CD117 was expressed in all AML cases with some variation. The highest percentage of CD117 positivity was seen in M6 (100%), and M7 (100%). The commonest expression of MPO was seen in patients with M3 AML (91.7%). MPO was not seen in any of our M6 or M7 cases.
As regard ALL, there was no detection of CD117 or MPO in either B-or T-ALL cases. On the other hand, both cCD79a and cCD3 were negative in all AML cases in contrast to their positivity in all B-ALL and T-ALL cases respectively. The expression of megakaryocyte-associated Antigens CD41, CD42 and CD61, was seen in all cases of AML-M7. Regarding CD235a, its expression was restricted to AML-M6 cases. In our study, the aberrancy expressions were found in 66 leukemic cases (45.8%) Table 5 , CD7 was the most commonly expressed lymphoid antigen in AML (25%) (Figure 1 ), followed by CD19 expression (13.4%). As regard aberrant expression of myeloid antigens in ALL, CD13 was the most commonly expressed antigen (39.3%). 
Discussion
Acute leukemia is a heterogeneous disease having diverse phenotypes. Immunophenotyping by flow cytometry is essential for diagnosis of myeloid and lymphoid subtypes. This current study includes 144 leukemic patients, 88 cases diagnosed as AML (61.1%) and 56 cases diagnosed as ALL (38.9%). This high percentage of AML may be due to the high percentage of adult patients, adult to child ratio was (2.8:1), and 47% of ALL patients were children. These data were in agreement with the most of previous studies in Egypt [4] , which reported 68.9% and 31.1% AML and ALL, respectively, and a Jordan study, in which percentages of AML and ALL were (52%) and (47%) respectively [7] . Regarding the FAB classification of acute myeloid leukemia M2 subtype was the most frequent (31.8%) followed by M4 -M5 subtypes (27.3%) and this is matched with results of many studies in Egypt [8] [9] . However, other national and international studies have reported that M4 -M5 subtypes are the most common [4] [10] . For ALL, B-ALL was more frequent than T-ALL (85.7%) & (14.3%) respectively which agreed with other studies [11] [12] .
Surface CD34 and HLA-DR are stem cell/hematopoietic precursors and commonly used in flow cytometric immunophenotyping of acute leukemia as immaturity demarcation antigens. Surface CD34 is a transmembrane protein normally expressed in hematopoietic stem cells and early thymic T-cell precursors. Surface CD34 is one of the most widely used markers of hematopoietic stem cells (HSCs) and is involved in the inhibition of HSCs differentiation, expansion, signaling transduction and anti-adhesion [13] .
Our study finding revealed that 100% of M3 cases were double negative for HLA-DR-/CD34-and this is accordance with the results of many studies concerned with AML-M3 immunophenotyping when compared with other types of AML, M3 typically displays absent or weak CD34, absent HLA-DR [14] [15] . Open Journal of Blood Diseases
The frequency of CD34 in B-ALL cases was 75%, but in T-ALL was12.5%. HLA-DR frequency in B-ALL was (91.6%) and for T-ALL was (12.5%). These results matched with Sharma et al., who found that CD34 expression in ALL were seen in 67.3% of all ALL cases and the expression was more frequent in B-ALL (70.3%) as compared to T-ALL (51%) [16] . Another Indian study found that CD34 positivity was much higher in B-lineage ALL (82%) than in T-ALL (35%), (p < 0.0001) [17] . With ALL, expression of CD34 might be associated with immaturity due to developmental arrest or asynchronous expression with mature antigens. There was a significant association of CD34 with aberrant expression of myeloid markers in B-ALL. Many studies found strong correlation between high CD34 and myeloid antibody co-expression in the blasts of ALL patients [5] [18] , but in the present study we didn't find significant correlation. In the present study, there was a strong association between HLA-DR and CD34 positivity and AML-M0-M1 subtypes while Callea et al. reported strong association with AML-M4/M5 subtypes [19] .
Most of leukemic cases show specific immunological markers but on the other hand aberrant immunological markers were detected in considerable number of cases, aberrant phenotype incidence is controversial and dissimilar results have been reported by different groups [1] .
In this study, the aberrancy percentage was 45.8% of all leukemic patients, was found in 66 patients, lymphoid antigen markers expression in AML was in 40 patients (45.5%), and aberrancy incidence of myeloid antigen expression on ALL was in 26 patients (46.4%). Some studies showed comparable results, in which aberrant myeloid antigen expression was seen in 42.5% of ALL cases and 47% of AML cases showed aberrant lymphoid antigen expression [16] [20] . On the other hand many studies showed lower frequency of aberrant immunophenotyping [7] [21] .
In our study the most frequent aberrant myeloid marker in ALL was CD13. Surface CD13 was positive in 22 ALL patients (39, 3%) 20/48 patients of them were B ALL (41.7%), 2/8 patients with TALL (25%). Followed by CD33, which was positive in 4 ALL patients (7.1%) all of them was B ALL. The frequency of CD13 and CD33 in ALL was comparable with data published by WHO 2008 [22] , which stated that CD13 and CD33 are often the most frequent myeloid markers expressed in ALL cases. Many studies reported that CD13 was the most frequently expressed antigen in ALL [5] [17] [23] . On the other hand some studies findings showed lower frequencies of CD13 and CD33 of 15/165 patients (9.1%) of total ALL cases, and 15/132 (11.3%) respectively [24] .
The most frequently lymphoid antigen aberrantly expressed in AML was CD7 (25%), followed by CD19 (13.4%) then CD22 (9.1%).This in accordance with most of studies based on assessments of aberrant markers in AML which show similar frequency of CD7 positivity in AML [4] [25] [26] . In contrast with our observation El-Sissy et al. observed that CD7 was expressed in a minority of patients with AML 4/34 (11.8%) [20] , and Shen et al. reported CD7 expression in 28/222 (12.6%) [27] . Surface CD7 was positive in all subtypes of AML except M6 E. O. Hamed, A. F. El-Deen Open Journal of Blood Diseases and M7 and show high frequency in M0-M1 followed by M2 (50%) and (35.7%) respectively. Some studies reported that cases of AML which had been associated with the expression of CD7 had a poor prognosis [26] . Surface CD7 expression in AML is associated with the immature antigens CD34, HLA-DR [28] and these findings are in accordance with our findings in which CD7, HLA DR and CD34 are co-expressed in 16 AML cases (18.2%) with subtype M0-1 and M2 but in M3, CD7 positive patients associated with negative HLADR and CD34. Some studies contend that AML with CD7 may originate from early hematopoietic precursors, and its expression at diagnosis associated with biologic aggressiveness and a low remission rate in a significant proportion of AML patients [29] [30] . Surface CD4 is considered as aberrant antigen only when expressed in cases other than M4 -M5, because it is a differentiation marker in monocytic AML [3] , so in our study we considered that no aberrancy regarding CD4 because of its expression M4 -M5 AML cells.
As regard CD5, CD2, and CD3 were shown frequency of 2% in AML cases of this study. Surface CD5 expression is not common in AML and some authors proposed CD5 expression as a positive prognostic indicator in AML patients and a negative prognostic indicator in B-ALL patients [31] . In accordance with our results CD2 was expressed in 5% AML cases in a study by Abdulateef et al. [3] and Jiang et al. [13] reported similar results 4.9%.
In our study, B-lineage antigen CD22 cases of AML was found in 8 cases (9.1%), all of them of M4 -M5 subtype and this in agreement with that reported by Faleh et al. which reported that CD22 is one of the most common lymphoid markers co-expressed aberrantly in patients with AML [32] .
Correlation with treatment response had not been carried out so definite comment upon overall prognostic significance of these aberrant markers cannot make in our study. However; presence of aberrancy helps in identifying a neoplastic process.
Conclusion
The multiparametric immunophenotyping analysis of AL is sufficient for diagnosis and classification of leukemia. The frequencies of aberrant markers in AL were matched with many published data. The role of aberrancy in prognosis of acute leukemia needs further study with larger sample size and correlation of the frequency of the aberrant markers with prognostic factors, genetic abnormality and therapeutic response.
